A battery is treated (in this class, at least) as an essentially magical device. Charges are "lifted" by the battery from a low potential (and thus a low potential energy) to a high potential and released. As we know from Mechanics, an object (any object) raised to a high potential and released will then fall. In our first lab, we arranged for those objects to be charges, that they be "lifted" by a dry cell battery, and to "fall" through a resistor. In other words, we wired a resistor in series with a battery. (Think about that until you see that those are the same). As we said in class, if a resistor has a current passing through it, then there has to be a potential difference across the resistor. If there weren't a potential difference, there would be no current (in the same way that water spontaneously flows downhill, but not sideways). By the definition of resistance, the potential difference across a resistor is given by:
V = IR
(1)
When we measured this, we got different numbers depending on what resistance was in series with the battery. The trend noticed was that the higher the resistance, the higher the voltage measured (the upper limit was the so-called "open circuit" voltage, measured when there was no resistance in seriesthis can be considered "infinite" resistance). The model I proposed in class was to think about the battery as consisting of an ideal (or perfect) battery that performs as I describe above, and a resistance in series with that potential difference. This is only a model -I can't cut the battery open and find the resistor and the potential difference. But as a substitute for learning electrochemistry and thermodynamics, it's a nice, simple model (obviously, it's only useful if it properly describes the data we took -that is something only you can determine). So, with that assumption, the potential difference across the resistor must also satisfy:
where V is the potential across the ideal battery "inside" and r is the internal resistance. I can use both equations to eliminate ∆V:
This can be substituted into Eq. 2 to get:
The data we have to test this model is of the form of ∆V versus R. Equation 4 does NOT, however, predict a straight line, making this model difficult to test (if that's not clear to you, reread the "graphing" notes on the course website and then come talk to me if you still need help). But it's possible to put this in a form that DOES predict a straight line:
Go to work......
